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L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. 7.8 at ?I Fe show that, while the P-I transition (P for paramagnetic i.e., disordered) close to the triple point appears to be second order, the P-C transition is first order with thermal hysteresis. Discontinuous changes of electrical resistance at the P-C transition were first reported by Arajs and Dunmyre [5] and of length by Suzuki [6] .
Ishikawa et al. [7] found, in an alloy having a nominal composition of 2.3 at?% Fe, a continuous length change (but a discontinuous change in thermal expansion coefficient) at the P-I transition, with a large (~ 4 x 10-4 discontinuous length change at the I-C transition about 20 K lower in temperature. Syono and Ishikawa [8] found by means of electrical resistivity measurements on a sample of the same composition that the I-C transition was depressed in temperature by about 50 K by applying a hydrostatic pressure of 2.4 kbar.
This result suggested to Edwards and Fritz [9, 10] that a CrFc alloy sample having a P-C transition at ambient pressure might under applied pressure move towards a triple point. They found in a single crystal sample containing 2.8 at °o Fe that indeed under pressure the first order P-C transition develops into a P-I transition followed at a lower temperature by an I-C transition. Their resistance and ultrasonic measurements showed that the P-I transition is continuous, while the I-C transition is discontinuous, hysteretic and clearly first order. figure 1 of [9] and as determined by acoustic transit time in figure 2 of [9] , while the resultant phase diagram up to about 7 kbar is shown in figure 3 of [10] . The [9, 10] there is marked superheating and supercooling when leaving or entering the commensurate (C) phase from either the incommensurate (I) phase or the paramagnetic (P) phase. When the transition was made at a constant temperature of 242 K from the C-phase to the I-phase and back, the range of hysteresis is somewhat smaller and is not reproductible. This is probably because pressure change is accomplished in small but abrupt steps, whereas temperature change is smooth and slow, typically at a rate 2 x 10-' Ks-'.
The incommensurability parameter 6, which is defined by the equation showing the limits of superheating (0) and supercooling (8) at the first order transition from paramagnetic (P) to commensurate (C) and incommensurate (I) phases with the points (X) defining the line of second order P-I transitions. (b) The incommensurability parameter 6 It is interesting to note that the continuous P-I transition persists into the hysteresis range of the first order P-C transition, similar to the behaviour at 1 bar of the 2.5 at % Fe in chromium of Edwards and Fritz [10] . There appears to be an upturn with decreasing pressure so that the two lines of transitions, continuous P-I followed by first order I-C at cooling, run approximately parallel. Edwards and Fritz [9] report that their acoustic data for our sample show only a single transition at 1 bar, which is hysteretic and first order. Perhaps the discrepancy results from our lowest pressure being 0.07 kbar and not 1 bar. The phase diagram shown in figure la clearly has no triple point for decreasing temperature. Even with increasing temperature the three phases can hardly be said to be in equilibrium where the P-I and P-C transition lines intersect, since the transition from the C-phase is abrupt.
' Figure 2 shows that as the P-I transition is approa- (1, -6, 0) [9] state that in our sample all transitions exhibit a temperature hysteresis, with that of the P-I transition being less than 1 K. The discrepancy might result from a faster sweep-rate in. the work of Edwards and Fritz [9] . In figure 2 the time interval between successive points was 300 s, which gives a « sweep-rate » close to the transition of only about 2 x 10-4 Ks-1.
The absence of hysteresis and its continuous nature indicates that the P-I transition is second order. It is difficult to be sure of this in an alloy sample, since there is likely to be some inhomogeneity and the transition temperature is sensitive to composition. The phase diagram summarized by Mori et al. [13] shows that the change of the P-I transition with temperature close to the « triple point » is about 20 K (at % ) -1.
However there is some direct evidence from the critical scattering that the P-I transition is second order. At a pressure 0.3 kbar and a temperature just above the P-I transition, i.e., at a point within the hysteresis loop of the P-C transition achieved by cooling at constant pressure, the total intensity of the incommensurate satellites is larger by a factor 6.5 than the commensurate peak. Furthermore Edwards and Fritz [9] observe a significant increase in the acoustic transit time as this transition is approached from higher temperature, which they attribute to critical fluctuations associated with the impending P-I transition.
As shown in figure 2 the incommensurable parameter 6 increases with temperature, i.e. the spin density wave moves away from commensurability as the Neel temperature is approached, unlike pure chromium. This was also observed by Mori et a1. [ 13] for a sample containing 2.0 at % Fe. They measured both the spin density wave and the strain wave having wavevector (2 rc/a) (1 ± 2 6) and found that the sign of the temperature dependence of 6 reverses between the concentrations 1.5 at % and 2.0 at % Fe in chromium. In our 2.8 at ?% sample we find that, as the pressure is reduced and the systems approaches the transition to the Cphase, 3 becomes essentially independent of temperature,
We also observed the passage through the I-C phase transition with decreasing temperature at a pressure of 4.0 kbar. We found no indication of any new magnetic phase, as was suggested by the kink in the line of I-C phase transitions at about this pressure observed by Edwards and Fritz [10] .
The temperature dependence of the amplitude of the commensurate spin density wave is given as a function of pressure at the fixed temperature of 207 K in [13] shows that CrFe, like pure chromium, has a linear spin density wave. Walker [14] pointed out that a helical spin density wave would not be accompanied by a second-harmonic charge density wave. Since the fractions of the sample having wavevector along the x-and y-axes are approximately equal (Table II) it is reasonable to assume that there is a roughly equal fraction having wavevector along the z-axis. Thus the total intensity associated with the incommensurate phase is yielding the values given in the column labelled (4/3) sum in table II. The ratio IIII,, then yields the ratio mi/m,r according to equation (3) , which is found to have the value 0.64 + 0.01.
Thus at the first order incommensurate-commensurate transition in CrFe the magnetic moment has a strong discontinuity, like the electrical resistance [5] and the length [6, 7] . 
